An updated metric developed to assess the degree of open data reusability, called MEtric for the evaLuation of Open DAta: Meloda 5 is presented. Previous version of the metric, Meloda 4, had six dimensions: the legal licensing of data, the mechanisms to access the data, the technical standards of the datasets, the data model, the geographic content of the data and the updating frequency. With all these dimensions, the metric provides a quantitative evaluation about how reusable the datasets released are. During the last five years, this metric has been cited and used by some other authors but the extensive use of the metric has brought to light some of its limitations. In order to get deeper insights into the topic, a panel of international experts has been surveyed about two aspects of the metric. First aspect was what other factors should be considered in order to qualify the reusability of a released dataset. And the second aspect was the internal structure, the levels for every dimension of the metric; if they should be increased, merged, removed or divided. Considering the results of the survey, first, we identify the factors / dimensions that should be kept: legal licensing, access to information, technical standard, standardization, geolocation content and updating frequency of data. Second, we consider the inclusion of two new dimensions: dissemination and reputation. Then, we present the new internal structure, the levels for each dimension, and the measures to evaluate the degree of reuse of each dataset. Finally, a standardization of the metric for other steps of the data impact process, data reuse analytics and data-driven services generation are presented together with future research lines.
Introduction
The big data movement was born with the reuse and exploitation of available information, and it has increasingly grown as a consequence of the exponential increase in the amount of available data by several orders of magnitude (Hashem et al., 2016) .
Data reuse is the use of data for a purpose different from the one intended by the data producer (Karasti; Baker, 2008 ; Zimmerman, 2008; Martínez-Méndez; López-Carreño; Pastor-Sánchez, 2014; Faniel; Kriesberg; Yakel, 2016).
Yoon (2017, p. 946) explains how "benefits of reusing shared data have been asserted by a number of researchers, and data reuse has been a major concern in many disciplines".
Therefore, reusability analysis plays a key role in determining what factors and conditions can foster data reuse. The massive release of data helps to create added-value products and services and encourages scientific research through data reuse. The release of the data implies an organizational change, a structural transition and a redefinition of the processes of private firms and public administrations. It requires establishing new data usage and the deployment of privacy policies (Ferrer-Sapena; Peset; Aleixandre-Benavent, 2011; LaValle et al., 2011, Abella; Ortiz-de-Urbina-Criado; De-Pablos-Heredero, 2018; 2019).
The literature on reuse of data focuses on data usage by the public sector, and on the analysis of their economic value. This economic value can be created through the efficient use of public resources -efficiency-and / or by creating new products and services -innovation-or increased competition -transparency-or allowing the birth of new social entities as identified by Kassen (2013) . In this sense, Chatfield and Reddick (2017) state that previous research has found that the reuse of open government data can generate open innovation (Zuiderwijk; Janssen; Davis, 2014; Susha; Grönlund; Jassen, 2015) and economic and social value (Jetzek; Avital; Björn-Andersen, 2014). Indeed, some reports discuss extraordinary expectations for the social and economic impact of data reuse (Pira International, 2000; Dekkers et al., 2006; Vickery, 2011; Carrara et al., 2015; Ceconni; Radu, 2018) . But, Carrasco and Sobrepere (2015, p. 663) explain that there is a "lack of a clear way to enable empirical analysis and quantitative measurement of open government data initiatives".
Datafication, that is to say, the progressive quantification of most of the aspects of life in terms of data (Cukier; Mayer-Schoenberger, 2013) has never been more possible than now. However, not all the organizations collect data for internal exploitation, conversely, some of them have the goal to share it with other organizations or individuals or even with the surrounding society. This is the case for most public administrations, many scientific initiatives and even some authors willing to share their data in order to achieve larger audiences (Ceconni; Radu, 2018). These collections of data, datasets, are released with legal licenses allowing data reuse. One of the most popular open data licenses, creative commons by, allows reusers to use the released data for any purpose, to process the data and to share them again with other users. Many benefits have been identified for open data (Janssen; Charlabidis; Zuiderwijk, 2012; Abella; Ortiz-de-Urbina-Criado; De-Pablos-Heredero, 2015). Notably the release of data helps organizations to be more effective, to be more accountable and it stimulates competitiveness among several others.
To analyze open data, one of the most known metrics is the 5-star scale of Berners-Lee. Abella; Ortiz-de-Urbina-Criado; De-Pablos-Heredero (2018) explain that the levels from 1 to 3 of that metric measure data availability, and levels 4 and 5 measure the capacity of being linked with other datasets. That metric just considers the data format; but it does not consider relevant aspects to measure the open data reuse potential such as geolocation and updating frequency of data (Abella; Ortiz-de-Urbina-Criado; De-Pablos-Heredero, 2018). In that sense, Abella, Ortiz-de-Urbina-Criado and De-Pablos-Heredero (2014) analyzed what factors could affect the sharing of data and what features make data more prone to be reused. The metric Meloda condensed these findings and became a tool to assess the reusability of individual datasets. In 2014's version (namely version 4), six dimensions were taken into consideration. The legal licensing of data, the mechanisms to access the data, the technical standards of the datasets, the data model, that is to say, if the data meet some agreed model for their contents. Finally, the geographic content of the data and the updating frequency were also considered. For every dimension, several levels of accomplishment were defined and weights were assigned to each of them. With all these dimensions, the metric provides a quantitative evaluation about how reusable the dataset released are.
During the last five years, this metric has been cited and used by some other authors (i. e., Solar et al. 2014 ; Gértrudix; Gertrudis-Casado; Álvarez-García, 2016; Vicente-Paños; Jordán-Alfonso, 2017; Zhao; Yan; Li, 2018). http://www.meloda.org/scientific-article-about-Meloda However, the extensive use of the metric has brought to light some of its limitations trying to explain why some datasets Data reuse is the use of data for a purpose different from the one intended by the data producer
The metric Meloda condensed these findings and became a tool to assess the reusability of individual datasets differ in their reuse having similar values for the metric. Thus, this article presents an updated metric developed to assess the degree of open data reusability, called MEtric for the evaLuation of Open Data (Meloda). In order to get deeper insights into the topic, a panel of international experts has been surveyed about two aspects of the metric. First aspect was what other factors should be considered in order to qualify the reusability of a released dataset. And the second aspect was the internal structure, the levels for every dimension of the metric; if they should be increased, merged, removed or divided.
Open data reuse. A metric
The reuse of public sector information can be defined as, "the use of documents held by the administrations and public sector bodies, by natural or legal persons, with commercial or non-commercial purposes provided that such use does not constitute a public administrative activity" (Spanish Law 37/2007).
Open data reuse is the reuse and redistribution of data including the intermixing with other datasets (Open data handbook, 2017). Following Abella, Ortiz-de-Urbina-Criado and De-Pablos-Heredero (2014), reusable open data meets four minimum conditions that facilitate its use: absence of technical barriers to reuse; possibility of automated access to information; existence of a legal framework that allows its use (Eaves, 2010) and access to knowledge of the structure of the information published.
Previous version of Meloda
To analyze the degree of reusability, the metric Meloda has been improved. Meloda is a metric that provides a quantitative assessment of the degree of reusability of data, and it is in a continuous process of improvement. The first version, version 1.0, was born in 2011. A further explanation of Meloda 3.1 is described in Abella, Ortiz-de-Urbina-Criado and De-Pablos-Heredero (2014).
Meloda 1.0 to 2.5 identifies three dimensions to characterize datasets: legal license, access and technical standards. In 2012, 204 data sources were tested, more accurate results were provided, and one more dimension was added: data modelling of the datasets. The formula for calculating the metric value was also adjusted to include the new dimension (Abella; Ortiz-de-Urbina-Criado; De-Pablos-Heredero, 2014). Meloda 3 was tested in a sample of 30 European smart cities, and two new dimensions were included: real-time and geographic information, evolving to Meloda 4 (Abella; Ortiz-de-Urbina-Criado; De-Pablos-Heredero, 2017a). Version 4.13 was improved by redefining some of the levels (2 and 3) of the technical dimension.
In figure 1, a diagram describing the assessment process of a dataset with Meloda 4 is presented (assessments for 4.13 remains equal to 4.01). In step 1, the metadata of the dataset are validated using the criteria defined for every level in This article presents an updated metric developed to assess the degree of open data reusability, called Meloda 5
Meloda and by determining the level reached in every dimension. In step 2, a weight for every dimension (Table 1) is assigned. In step 3, a formula is applied to the different weights assigned in step 2 (see the lower part of figure 1). Finally, in step 4, a level of reusability is assigned based on the results (Table 2) .
For version 4.13, these dimensions are the legal licensing of data, the technical standards used for the release of the data, the access mechanisms of the data, the data model used (i.e., characteristics of data structure), the geolocation (i.e., inclusion of geographic information in datasets) and timeliness or real-time (i.e., update period of the information and the time elapsed between versions).
Every dimension of the metric is divided into several levels (up to five). Every level presents a clear criterion of fulfilment. Each level of every dimension also has a weight (Table 1) . To provide a final grade for reusability, those levels are weighted in a formula (Figure 1) . Table 2 presents the global qualification based on applying the formula to quantify the degree of reusability. 
Meloda 5
In order to improve the new version of the metric (version 5), an online survey (see annex) was sent to a group of experts notorious for their publications on the open data field. The survey was sent to 28 experts with different profiles, some of them share profiles, concretely, academics and consultants, and 12 of them are from countries different to Spain. It is presented a metric with a new internal structure, that is to say, the levels for each dimension and the measures to evaluate the degree of accomplishment for every dimension
Dimensions' analysis
To analyze the dimensions, the experts were asked about the factors that are decisive for measuring data reusability (Table 3) . The first six factors are the existing dimensions of Meloda 4, so the experts agreed that these aspects should be kept. In addition, they were asked about other possible factors and, in particular, the importance of considering the topic of the datasets, of analyzing their reliability and the API's availability. The experts also proposed other factors to consider such as popularity, knowledge of their existence, visualizations, updating notices, interoperability, standardization of data, harmonization of portals, data offers, and data literacy.
With this information, it has been proposed to modify, on the one hand, the name of one of the existing dimensions, formerly named "data model", now renamed as "standardization" to consider more clearly the issue of standardization and the harmonization of data. On the other hand, two new dimensions have been included into the metric, one to measure the dissemination of the open data activities of the repository and knowledge of the released data, and another, to analyze the reputation of the data source.
Analysis of the levels' structure for each dimension
To analyze the levels within each dimension, the experts were asked if they would be maintained, merged, included new ones or eliminated (Table 4 ). For the legal licensing dimension, several experts proposed to eliminate level 1 because copyright does not allow any reuse of data without explicit permission of the owner, and others proposed to merge levels 4 and 5. For the access to information dimension, some experts suggested that the first two levels had to be eliminated because they do not give access to data reuse. Accordingly, these two levels have been removed. For the third dimension, technical standard, some experts propose to eliminate or reformulate level 1, so it has been eliminated because it is a level that does not allow the reuse of data.
The dimension formerly called data model referred to aspects related to the normalization of the data. So, taking into account the experts' improvement proposals, its name has been modified and the levels have been adapted so that they better reflect the aspects related to the standardization and harmonization. For the geolocation dimension, following the opinions of some of the experts, several of the levels have been merged. For the updating frequency of data dimension, the five levels schema has been maintained but reformulating the time periods. Finally, two new dimensions with three levels each one have been proposed. The dimensions and levels of Meloda 5 are presented in next Table 5 . 
Qualification of reusability based on the value of Meloda 5
In version 4 of the metric, each level was assigned a weight and then a formula was applied to analyze the degree of data reuse. In version 5, some of the ideas that experts have proposed have been considered, and the weighting for each level has been revised. In the new version, each level will be assigned the value it has (1, 2, 3, 4 or 5). To evaluate the degree of reuse of each dataset, two measures will be used:
1) the sum of the scores obtained in each dimension (being the maximum value that can be obtained 61 points) (see table 5 ); and
2) for each dimension, a descriptive analysis of the frequency of each level.
The first measure will allow obtaining a ranking of datasets according to their degree of reusability; while the second one allows to have a more detailed image for each dataset and to identify which dimensions need improvement.
Metric limitation for the analysis of open data impact
Assessing the reusability of the data published is only one step in the process of assessing the impact of data publication (Abella; Ortiz-de-Urbina-Criado; De-Pablos-Heredero, 2017a; 2019). Two steps required to set an effective strategy for data impact are the analysis of the actual use of the data published and the assessment of the applications and services based on them.
Analysis of data reuse
Organizations need to have a system / metric to analyze the use and impact of their published data in order to justify the resources used for publishing data. Currently, there is not a generally accepted and used metric that would allow comparative analysis. Therefore, although managers of the data publishing facilities can assess their own reuse statistics, they cannot compare their results with other data publishers. Thus, their ability to improve in their publishing strategy is limited. Abella et al. (2019) explain that it would be possible to incorporate them into the main data publishing tools (e. g., CKAN, Socrata, Open Data Soft, ESRI open data, DKAN, etc.) as an added value service. The minimum fields to be included in this metric should include these: -User type field (according to these categories: For profit organization, non-profit organization, publisher, other organization related with publisher, citizens, academics) -What dataset/distribution is accessed -If it is accessed as a direct download or via API -Date and time -Referrer (origin) -Type of referrer (SEO, search engines, social networks, own or referred) -Search keywords -Service (if known, application or service reusing the data) -Theme (DCAT-AP) of the data accessed -Frequency of data update -Technical format of the data accessed -Type of query made to access the data/s (query) -Accessed data has data model -Data accessed has geolocation.
The functionality of Meloda helps when considering these criteria to analyze the use of data and proposes the minimum standard that they should have. Future work will develop this aspect and validate it.
Analysis of services based on published data
In addition, there is a lack of literature providing approaches (theoretical and empirical) for the impact of data reuse. Therefore, future research will analyze, considering Meloda results, their impact. In that sense, an analysis of the applications and services developed reusing data can be performed considering the proposal of Abella et al. (2019) . The authors state that "it would be interesting to federate not only the data but also the applications developed to perform an analysis of the actual generation of services, and allow applications that are registered in several portals to be considered only once." 
Authors

Conclusion
In this paper a new version of Meloda, a metric for the reuse of information, has been described. To develop the new version, an online survey was launched to a group of experts. Results of the survey exceeded author's expectations about the simplification of the metric and what factors would additionally have to be considered. The recommendations coming from the group of experts led to a simplification of most of the dimensions into three levels but for the standardization (4 levels) and the update frequency dimension (5 levels But it is also true that there are some data with longer updating periods that could be attractive for reusers. Therefore, the dimension "updating frequency of data" presents 5 levels, two levels of which consider longer updating periods (levels 1 and 2). Additionally, the recommendations suggested that the reuse of data does not only depend on the dataset itself and the data contained, but also on the entity releasing them and its dissemination efforts. Thus, two additional dimensions have been included into the metric accordingly: dissemination and reputation.
The overall metric will be useful for open data portal managers, but also for data management systems' manufacturers, open data consultants and academics. The metric helps them to assess the open data to be published and to boost data reuse. Entrepreneurial data-driven initiatives will emerge from the potential of data.
The quest for the analysis of the open data impact led the authors to propose the standardization of other steps on the process for data impact. On one hand, the standardization of the statistics of data reuse and the services and applications created. Without them, the ability of data managers to implement successful strategies will be restricted to their own knowledge and experience and strong barriers to collaboration would limit data reuse and therefore its impact. And this is the goal for most of them.
